
Risk of Lung Cancer

Smoking and Diet in I9o Reports
Who Never Smoked."

tene and Lung Cancer

,,,_Can,er_d Other i:i]:::::::iiiiii::::

ae, CigaretteSmoking : Importance of Supplemental Vitamin C in
:oSmoke:AStudyon ii_! Determining Serum Ascorbic Acid in Controlstds." Sac Sci Med 26, i::ii_:

'_!',_i'_? From a Cervical Cancer Case-Control Study:h and Without Passive _::!::!i!(

:_"_ Implications for Epidemiological Studies
,eNon-SmokorsW_th :,ii_ii!i
-16, 1991. i_i!::!::!I:
Never-SmokersLiving t{i!ii!i RashmJ Sinha, Carolin M. Frey, William G. Kammerer, Mary J. McAdams,
Pa_ive Smokers and i_ili!!:il Edward P. Norkus, and Regina G. Ziegler

noke: Composition and _::!::i_:

_ Abstract
Smoke in 585 Office {:::::.!::

_iiiill: Classification of individuals by their vitamin C intake was investigated in 493 control subjects

halation Study in Rats _ii_zi_...... from a cervical cancer case-control stud),. The influence of dietary and supplemental sources of
aeol 5, 77-96, 1993. _:::::_iii!i vitamin C, as well as demographic and life-sty&factors, on serum ascorbic acid were examined.

Rats, Using Aged and {i::ii: Usual dietary intakes of vitamin C were determined from a food frequency questionnaire and
•ophage Cytogenetics." :*i!:

¢::::i_i!i::: recent intakes from a 24-hour recall taken at the time of blood collection. Vitamin supplement

::_!::ii.: information was obtained at both times. In a regression analysis, the factors found to predictrcer 23, 803-807, 1979. _iliil

:{i:I:: serum ascorbic acid were total recent vitamin C intake, an indicator variable for supplement use,
ence in Outbred Swiss iti::ili: body mass index, number of cigarettes smoked per day, race, education, and age. Higher levels

ical Effects of Dietary ! of serum ascorbic acid were found among older nonsmoking highly educated leaner white women.
Consideration of supplements, in addition to dietary sources of vitamin C, improved correlation

._....... coefficients between serum ascorbic acid and usual vitamin C intake from 0.19 to 0.32 and between

!{i::!:: serum ascorbic acid and recent intake from 0.36 to 0.56. Furthermore, whereas only a twofold

iliii!i: difference between the first and fourth quartiles of serum ascorbic acid was observed using recent

i_:.::i::i dietary vitamin C without supplements, this range increased to sixfold with addition of supplement
_1__i• data. Epidemiological studies should consider use of total vitamin C intakes from supplement and
!i_iii::i_! food sources to permit accurate classification of individuals.i::::::i_
!ti::i::i:: (Nutr Cancer 22, 207-217, 1994)

_!iiii:
_:!:

{ii:ii:

:t:,iiil
_::_i R. Sinha and R. G. Ziegler are affiliated with the Epidemiology and Biostatistics Program,
.... Division of Cancer Etiology, the Nutritional Epidemiology Soetion, National Cancer Institute,
!_:i;:iil National Institutes of Health, Bethesda, MD 20892. C. M. Frey is affiliated with the Geisinger
::_!_:#: Medical Center, Danville, PA 17822-3040. W. (3. Kammerer and M. J. McAdams are affiliated::::::::5

_,.::: with Information Management Services Inc., Silver Spring, MD 20904. E. P. Norkus is
iliii!i: affiliated with the Department of Biomedical Research, Our Lady of Mercy Medical Center,
iiii_i!ii Bronx, NY 10466.
:::5:::
?!i!_!_i!:

lliiiii:
'i_iiiill

a and Cancer 1994 _



i!:

i!i I, od, en
Vitamin and mineral supplements may contribute substantially to overall nutrient intakes

for certain population subgroups (1). The National Health Interview Survey (HIS), when
categorizing by race and gender, reports that, among 55- to 64-year-old individuals, 40% of

whitq women, 27% of white men, 21% of black women, and 18% of black men consume
supplements every day (2). Supplemental sources are especially important for vitamin C,
because 85-90.6% of those taking supplements use this vitamin and take it more frequently
than any other single supplement (1,3).

Many studies described the protective role of vitamin C in certain types of cancers (4--8),
but few epidemiological studies have evaluated the role of supplemental vitamin C, possibly
because of difficulties in obtaining detailed and accurate information on supplement use.
Block and co-workers (9) found that, of 110 US cancer epidemiological studies, information ::_;::i_
on vitamin supplements was obtained in only 27. This may lead to misclassification of an

_: individual's true nutrient status at the level of estimated intake and tissue concentration, .:: ::.
',i_ leading to bias in risk estimates. :....:!

_.i We took advantage of detailed information on supplement use collected in a cervical
!i cancer case-control study to look at the contribution of supplements to total dietary intakei

_:_ and blood levels of vitamin C, such that we could examine the degree of misclassification
_ if only dietary vitamin C was used compared with total vitamin C consumed. Moreover we
!!'

i also evaluated the effects of other variables, such as age, race, education, smoking, and
,::: alcohol use, on the relationship between intake of vitamin C and serum ascorbic acid (AA).

t'
i ::i:i
:I

:, Methodsr

ii:: This study analyzed data from control subjects participating in a case-control study of

_ cervical cancer carried out during 1982-85 (10,11). Up to two control women (median age II

:iJi: 44 yrs) individually matched to cases on five-year age group, race, and neighborhood were
identified through random-digit dialing techniques (12,13). Blood samples were obtained from

i 361 white (72% of those interviewed) and 132 black (56% of those interviewed) subjects.
! Hispanics, Asians, or subjects of unknown race (8% of those who gave blood) were excluded

i. from analyses.
As part of the standardized interviews about cervical cancer risk factors, a food frequency

questionnaire (FFQ) was administered to study subjects by a trained interviewer. Dietary
intake was assessed by asking about "usual adult frequency of consumption, ignoring any
recent changes," of 75 food items (10,11). Included were the major dietary sources of
carotenoids, vitamin A, vitamin C, and folate in the diets. Subjects were asked to respond in

terms of numbers of servings per day, week, month, or year. :
Also, as part of the standardized interview, information on usual adult use of vitamin

supplements was obtained by asking "before one year ago, did you take any of the following iil_

iii;t(type and brand were obtained wherever possible), vitamin A, vitamin C, vitamin E, folio
acid, carotene, yeast, wheat germ, and fish liver oil. The subjects were asked for how many
years during the last 20 years they had taken each supplement and how often they took the
supplement when they were using it. For vitamin C, subjects were asked the daily dosage.
The questionnaire also elicited detailed information on demographic characteristics, smoking,
familial medical history, and other cervical cancer risk factors.

Blood (40 rnl) was collected from each study subject after (median elapsed time 6.7 mos)
the initial questionnaire. The Vacutainer tubes were allowed to sit upright at room temperature
for 40--60 minutes. The serum was separated, and 1 ml was immediately mixed with I ml of
freshly made 10%metaphosphoric acid to stabilizz the AA. Samples then were stored at -70°C
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:_: for later AA assay using 2,4-dinitrophenylhydrazine as chromogen (14). This assay measured

._rallnutrient intakes the reduced and oxidized or dehydro forms to give total AA.

Survey (HIS), when At blood collection, a brief questionnaire that gathered information on foods and beverages
Lindividuals, 40% of consumed recently, that is, in the past 24 hours, was also administered, with emphasis on

vitamin C-rich items. Recent dietary vitamin C intake was estimated using the US Departmentblack men consume
: !i_!iii_il:::: of Agriculture working version of the survey nutrients data base (January 1991).•tant for vitamin C, :::_iii::iii::!:
: _._._:_ Detailed information on recent (in the last month) vitamin supplement use was obtained

:e it more frequently :_:_iiiiiiii:: at the time the blood was drawn. The type and brand names of any multivitamins and daily
:i_!_iii!i_!iI dose of specific single vitamins (i.e., vitamins A, C, and E, folic acid) were elicited whenever

pes of cancers (4-8),
i_l : they took the supplements. Information on medications and smoking in the last month asi vitamin C, possibly possible. The subjects were asked to respond in terms of numbers of times per day or week

on supplement use. i_ii!i_ii::i: well as within the last 24 hours was also ascertained.
studies, information :ii_ili_i All multivitamin supplements were coded with their brand names or type (e.g., one-a-day,isclassification of an

_i::iiiii_: stress). The vitamin C content of those with brand names were assigned amounts fromtissue concentration, f:_::_::_:
_iiiiiii:: information provided by the manufacturer. Where the brand name was missing but the
_::_!_::_i:multivitamin type was indicated, the quantities assigned were 60 mg for one-a-day-type tablets,_:!:_:!

llected in a cervical i_i!i::ii 200 mg for therapeutic, and 600 for stress-type tablets. Where the brand and the type of
. total dietary intake :i::_:::iii:i
: of misclassification iiii_!_;! multivitamin was missing, 60 mg of vitamin C were assigned. For single vitamin C supplements,

:,,_:: the dose assigned was as indicated by the subject in the questionnaire. If the dosage of a single

;umed. Moreover we :Iii!i_i:: vitamin C supplement was not provided, it was assigned 500 mg (the modal dosage for vitamin
ation, smoking, and i....
Lascorbic acid (AA). t :i C supplement use found by the Gallup study) (15,16). There was incomplete information on..... supplemental vitamin C from multivitamin or single supplement for 44 subjects for usual and

:iiiili 5 subjects for recent questionnaire. The vitamin C supplement information for these subjects
!iii!i was flagged, and the data were analyzed for "all subjects" as well as "nonflagged subjects."
_ii!::::: The basis for statistical model development for determinants of serum AA first required

ase-eontrol study of ii_iii: choosing a measure of dietary intake of vitamin C. Four measures of vitamin C intake were
women (median age i!iiii: evaluated: "recent" dietary intake from 24-hour recall, "usual" dietary intake from FFQ,
I neighborhood were iiiiiii: "total (dietary and supplemental) recent" intake from 24-hour recall, and "total (dietary and

s were obtained from iiiili!:: supplemental) usual" intake from FFQ. Spearman correlations were used to compare the
aterviewed) subjects. :_::!iii degree of association between each of the four possible intake measures and serum AA.

_lood) were excluded l'iiii_:ill Becauseanalyses.ofskewing, vitamin C intakes were logged to the base 10 in subsequent regression
)rs, a food frequency ::_...... Regression analyses were used to evaluate possible contributions of a variety of factors to:i!!i_iiil

interviewer. Dietary !_iii_i_: the relationship between vitamin C intake and serum AA. The demographic variables
i_:_i_: examined were race, age, study site, income, and education. Other plausible biologic factorsnption, ignoring any !::iii::

r dietary sources of _ investigated were weight, body mass index (BMI), season when blood was drawn, time of day
,"asked to respond in _i_i_!:_ blood was drawn, day of the week blood was drawn, hours since last meal when blood was

_iill drawn, medication taken in the last month, alcohol intake, smoking status, and smoking
adult use of vitamin i:::_:::: intensity. Each potential covariate was evaluated in a separate regression model for serum

any of the following _!_ii:::,_AA, which already included the logged measure of vitamin C intake. The statistically
]!i!::i significant (Fstatistic, p < 0.05) variables at this stage were retained for evaluation of two-way: use of multivitamins _:_....

C, vitamin E, folic i!ii! interactions. For example, the interaction of vitamin C intake with race compared the model
asked for how many ::_:_:_ consisting of log (total vitamin C intake) + race + log (total vitamin C intake) x race to the
v often they took the _ii! model with only log (total vitamin C intake) + race. With this approach, the final model for
:ed the daily dosage. _i!i_: predictors of serum vitamin C was developed.
racteristics, smoking, iiill

lapsed time 6.7 mos) ...::_:_:_:_i_::_::_:Results

at room temperature :_ii:_:_ Figure I illustrates the distribution of serum AA levels from the controls of the presenty mixed with 1 ml of : cervical cancer case-control study compared with the age-specific data from the Second
were stored at -70°C ::_:::_i::i::ii:::National Health and Nutrition Examination Survey (NHANES II) conducted in 1976-80

::::::::::::

•!_ii!i!i:
: _:: 5::.v...+:

:ion and Cancer 1994 :::r::::.:::: Vol. 22, No. 3 209

:i:iii!_iiiiii:::



i i: ::::::::::::':

_:_i 3.0 :..............
_::: <+:+>x+

I! ; _-. --.-- 35.,,
: :+:+:+:,:o_ 2.5 .... II"'" 45-54

j. i ill i_ii!i!!!_i::

!!!:: _'_ ......"_ ...... 55-64 :...................
. -:,.....:...

, : - - ,.o- - 65-74 ...................
- :iiiiiiiiiiiii:: 0 2.0

: < -- CONTROL ....i:i:i:i*!:i:
:i i_!i!i!_!i!

' 0 ':+:::'::: f ::::::::::::

m 1.5

0
U)
<_ 1.0

:. :E

: l.ltl 0.5 ::':::::::!i:! U) ::::_ili =:i
::
i

0.0 , , , .
0 20 40 6'0 80 100

PERCENTILE :: :_:

Figure1. MeanserumascorbicacidlevelswithinselectedpercentilesforfemalesofdifferentagesfromNHANES
II andcontrolsof cervicalcancercase-controlstudy.

(17). Controls from the cervical, cancer case-control study were within the range of AA levels ii
i: found in the NHANES II for women with similar ages.i

:i Vitamin C intake characteristics for study subjects are shown in Table 1. Subjects were

::_ divided into non-supplement users or supplement users for usual and recent estimates of ::::,,_
i: vitamin C intake. In this study, subjects were considered to be supplement users if they were LI
I:: taking _>30mg of vitamin C per day (equivalent of One-a-Day multivitamin at least every

i other day): 46% of the subjects were categorized as usual vitamin C because
supplement users,

:. they were taking vitamin C on a regular basis sometime over the last 20 years; 34% consumed
::: vitamin C containing supplements in the last month.
i:

::i The median usual intake of dietary vitamin C was similar between the non-supplement

i users and supplement users, but the total intake was 3.5 times greater for the supplement l

i:i users. There was, however, somewhat higher recent dietary intake of vitamin C in recent i

supplement users than in non-supplement users. The difference between the supplement users

i!: Table !. Median Vitamin C Intake Among Supplement and Non-Supplement Users_

c ii!ii!i!i ti iiiiiiit

n Subjs Diet Supplement Total :::l!::::::::::!::::i

Usualintake:FFQ_ :::
Non-supplementuser 268 54 139 0 i39 i
Supplementuser 225 46 143 310 486

Recentintake:24-hrrecall
Non-supplementuser 323 66 50 0 54
Supplementuser 170 34 79 169 278

a: SubjectswereconsideredtobesupplementusersiftheyweretakingZ30mgofvitaminCperday(equivalent
of One-a-Daymultivitaminat leasteveryotherday).

b: Food frequencyquestionnaire.
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and non-supplement users was accentuated when total recent vitamin C intake was compared;
supplement users consumed approximately five times more total vitamin C than non-supple-
ment users.

The distribution of subjects by quartiles for dietary vitamin C and total (diet plus

supplement) vitamin C intake was compared (Table 2). There was an overall agreement

between the two sets of quartiles of 42% for the usual intake and 52% for recent intake of
:_ vitamin C. Ten percent of the subjects for usual vitamin C intake were not in the same or

adjacent quartiles when the two distributions were compared. For the recent vitamin C intake,
' _::iiiiiii!: 8% of the subjects were two or more categories away from the diagonal.

i:Iii_ii::_: The correlation between usual and recent dietary vitamin C intake was low (Table 3).How,,,,
:i:Ii!iiiiii::: correlation from 0.18 to 0.40. Furthermore the correlation between usual dietary vitamin C
it_:_:_::i_i_i_i_i:and serum AA was found to be 0.19 and improved to 0.32 with the addition of usual
_iiiiii!::: supplement intake. Serum levels are more responsive to recent intake of this vitamin, and a

:liilSii!i correlation of 0.36 was found between recent dietary vitamin C intake and serum AA. When:.._::_::_::: recent intake of supplemental vitamin C was added to recent dietary intake estimates, the
_::ii:::_: correlation increased to 0.56.
_i_:: Serum AA was stratified into quartiles, and mean dietary, supplemental, and total vitamin

"--'-- t C intakes were determined within each quartile for the usual and recent vitamin C intake.100

:t_:_i Table 2. Comparison of Quartile Distribution by Dietary
rentagesfromNHANES tiiili Vitamin C Alone and by Total (Diet + Supplement) Vitamin C

_i:i:i

te range of AA levels i_iii_ (DietQuartiles+Supplement)°fTotal Quartiles of Diet Vitaminiti!!iiii

liiiiii: Vitamin C 1st 2nd 3rd 4th

hie 1. Subjects were _::_:_i::_il Usual intake: FFQ

!_::i::i: 1st 17 8 0 0
: recent estimates of _:::: 2nd 3 10 12 0
:nt users if they were i_'_::_ 3rd 1 2 6 16
itamin at least every ......:i 4th 5 4 7 9
ement users, because Iii!ii
tears; 340/0consumed li!iill Recent intake: 24-hr recall

1st 18 7 0 02nd 3 12 10 0

thefornon-supplementthe _-:: 3rd I 2 9 126 supplement
::__ 4th 3 4 6 13vitamin C in recent

I_ii_i a: Values are percentages.the supplement users i _:

iii::

tpplement
;::5:::

Users a
liiii!( Table 3. Spearman Correlation Coettieients for Vitamin C Intake and

rain C,rag/day li;i:::: Serum Ascorbic Acida

l¢_nent Total ]iiiii!" Correlation Coe_

1 UsualdietvitaminC andrecentdietvitaminC 0.180 139 UsualdietvitaminC+ usualsupplementvitaminC andrecentdietvitaminC + 0.40$

10 486 _:_,: recent supplement vitamin C
:iili: Usual diet vitamin C and serum asc_rbie acid 0.19

0 54 :._ii:::!::! Usual diet vitamin C + usual supplement vitamin C and sermn ascorbic acid 0.32
69 278 _::::: Recent diet vitamin C and serum ascorbic acid....... 0.36

:_::ii_i!: Recent diet vitamin C + recent supplement vitamin C and serum ascorbie acid 0.56
rtC per day (equivalent ::_iii!i!i

ii i a.-b.' All correlations significant (p < 0.05).
ili ,ii!i:
ii!i!i!i!:

ion and Cancer 1994 :_i::::::::i::i!:Vol. 22, No. 3 211
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Ti ...... ':!:_Supporting the correlational data, Figure 2 suggests that usual intake of dietary vitamin C :::::::::::::::::::::::

'_ does not predict _rum AA very well and that the increase in serum AA is due mainly to _iii
!_ supplemental intake of vitamin C. Similarly, recent supplemental vitamin C intake plays a
i greaterroleinincreasingserumAA thanrecentdietaryintake(Figure3),eventhoughthere

isaslightdoserelationshipbetweenmean recentdietary intakeof vitaminC andthequartiles I

Figure 4 is a scatter plot for total vitamin 12intake by serum AA with unadjusted slopes
• for white and black women. Figure 4 shows that there are more white women with higher

totalintakeofvitaminC and higherserumAA levelsthanblackwomen. Becausethereare ::;_::._i.i!i!::.iiii!_:
fewer black women consuming high levels of vitamin C, it is difficult to assess the significance :_"_*_:_'::

• of race-specific slopes. !i!iii!i!i:::

: Linear regression analysis, as described in Methods, was used to predict serum AA from :i:_ii::_:i::::':_i_i:' logged recent total vitamin C intake. The choice to use this measure of vitamin C intake was ::_z:.:i
:_ based on its higher Spearman correlations with serum AA (Table 3) than the other proposed ::::iill....:,

measures. Beyond intake, race appeared to be the predominant predictor of serum AA :::_:_:

contributing significant incremental terms for slope and intercept. To this basic model, ::::::ii_i!i_i:::
ii_ covariate terms, as noted above, were tested and included in the final model if judged :ii::ii::i::i:

significant at the 0.05 level. Table 4 shows estimates of terms included in the best predictive !!i!iiiii:!_i model for serum AA from this data set. ....
The main determinant of serum AA was total reported vitamin C intake in the last 24 :! iiiiiiiii!

hours, which accounted for 0.289 of the total R2 (Table 4). The incremental slope for blacks i.>:.:,

: iiiiiii:
:iiiiiii:

:: 700-

[] SUPPLEMENT :i:!:!::..... ,.....
i i->::i:i::.

600- [] TOTAL DIET+SUPPLEMENT) : :_iii!i:il

:iil

i,=. :

ii',i!i
i_,i!i!:

..I!_?!:

Ii',:i:
:i:::::

r...

0 i!:::::

l_t QUARTILE 2nd QUARTILE 3rd QUARTILE 4th QUARTILE _Iii:QUARTILES OF SERUM ASCORBIC ACID

2. Mean usual vitamin C intake estimates from diet, supplement, and total within quartiles of serum ascorbic :::i!:'!::
:i

acid. ganges of serum quartilcs are as follows: 1st, 0.07-0.78 rag/all; 2nd, 0.79-1.23 mg/dl; 3rd, 1.23-1.54 mg/dl; 4th,
1.55-3.90 rag/d1.
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_ 3. Mean recent vitamin C intake estimates from diet, supplement, and total within quartiles of serum ascorbic
acid. Ranges of serum quartiles are as follows: 1st, 0.07-0,78 mg/dl; 2nd, 0.79-1.23 mg/dl; 3rd, i.23-1.54 mg/dl; 4th,

.!!i: 1.55-3.90 mg/dl.

!i!II Table 4. Influence of Total Recent Vitamin C Intake, Supplement Use, BMI,

_ii:::I:+_: Cigarettes Smoked, Race, and Age on Serum Ascorbic Acid by Use of Regression
I::::::i::: Analysis

:i::iii 13Coefl n P Value R2

f Basic model 0.405 b
':_::_:: Total recent vitamin C intake¢ (slope) 0.40 (0.05) 0.0001 0.289

il!ii:: Increment in slope for blacks d -0.22 (0.06) 0.0009 0.041
_:_iil Increment in intercept for blacks 0.23 (0.13) 0.07 0.005
_!:: Covarintes

: Supplement _ 0.20 (0.06) 0.0003 0.024: Cigaretles/dayf -0.16 (0.06) 0.004 0.014

:!:i BMIS -1.42 (0.44) 0.001 0.011
iiii:i Age Ors) 0.005 (0.002) 0.001 0.010
_:_:::.: Education _ 0.21 (0.07) 0.002 0.011
:iii
ll;: a: Value in parentheses is SE..i?

:ii::::i: b." Total R2; all other values are partial R2.

QUARTILE _::_i_i: c: Vitamin C intake in mg was loglo transformed.
...... d: Race (indicator variable): while, 0; black, 1.:i_::iii:(
:_::::: e: Indicatorvariableforsupplementusersandnon-supplementusers.

artiles of serum ascorbic :_:i:i f' Cigarettes smoked in past month grouped as <20/day and >20/day.
:i_i::ili g.' Body mass index (BMI) = weight (Ibs) / [height (in.)]Ls; range 0.19-0.54.

•d, 1.23-1.54 mg/dl; 4th, iii h: Education grouped as <17 yrs and >17 yrs.

_!i!i!:,::
.n and Cancer 1994 _i_:: Vol. 22, No. 3

:tiiiiii_i: 213



4

i!iii 0 WHITES(n--3Sl)
!::!

• BLACKS(n=132) O O". 3' 0 0
O

_< ' _ O ,-.OO ..Whites

..... o / ooodo
_21 • o _ o

, 3 1 o °o
I :

!:

'i ; o I
i:

i? o
.}

1 1 0 100 1000 10000

:' TOTAL VITAMIN C INTAKE (rag) :::i_.
J

Figure4, ScatterplotofvitaminCintakeandserumascorbicacidforwhitesandblacksandunadjustedpredicted
i lines.

::i explained 0.041 of the R2. For a 10-fold increase in vitamin C intake, the serum AA in white
women increased by 0.40 mg/dl, whereas in black women the increase was only 0.18 mg/dl.

: The other variables in Table 4 were significant predictors of serum AA but added <0.02 to
:ii: the total R 2. A variable that identified supplement users and non-supplement users appeared
ii to be predictive of serum AA, even though the total intake of vitamin C included supplements. :_:::i
:: This might be explained by possible underassignment of supplemental vitamin C amounts

where vitamin intake information was incomplete, underreporting of supplemental vitamin
C intake among supplement users, or unexplained effects that covary with supplement use.

_: Smoking intensity in the last month and BMI were negatively associated with serum AA.
: Age and education also influenced serum AA, with higher levels of AA in older and highly

educated women. Other variables, such as seasonality, day and time of blood draw, hours i:
since last meal, and medication taken in the last month, were not significant determinants of
serumAA.

Discussion ::

The distribution of serum AA in the control subjects in this study was similar to that
reported for women in NHANES II (17). This similarity gives some confidence that the serum
AA values in this control population are comparable to a national sample and suggests very
little, if any, loss of AA during the stabilization and storage conditions used in this study.

At present, there is little consistency among studies in defining vitamin supplement users,
time frame when the vitamin supplement was used, and the types of supplements that were
used, thus making cross comparison of results difficult. In this study, 34% of women reported
taking supplements containing vitamin C, which included multivitamins, in the month before
blood was drawn and 46% reported consuming them "regularly" at some time in the last 20
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were taking supplements daily, as reported by the 1987 HIS. Other studies report that >40%
of elderly people took vitamin C daily (18,19) and 33.6% of women _>18years of age consumed
vitamin C supplements at least once in the two-week period preceding the HIS interview (20).

: ii If vitamin C from supplement source is not included in the total intake, then subjects can

I be misclassified. For usual intake, 9% of subjects who were ranked in the first quartile by

diet alone were ranked in a higher quartile when diet plus supplemental vitamin C was used.
Nhites, Misclassification, especially if the first quartile is the referent group, can alter any effect of

Usual and recent supplemental vitamin C intake, when added to the respective dietary
vitamin C intake, improves the correlation between these two forms of nutrient estimation.

:_':_:_:_: Not surprisingly, the correlation between usual and recent dietary vitamin C intake was low.
_.':_:_:: One 24-hour recall is not representative of an individual's usual diet. For vitamin C, 7-14

Blacks _i::ii!i::!:::_ days may be needed for an accurate estimate (21). However, adding supplement information
O !tliii: obtained at the same time as the FFQ and 24-hour recall substantially improved the correlation

between the two estimates of total vitamin C intake. Furthermore our data indicate that a

i!iii!iil) measure of total vitamin C intake from diet and supplement improves the correlation between
_iilil intake and serum levels for usual and recent intakes.

:!iiiiill The importance of using total vitamin C intake is further underscored when the contribution
_: of vitamin C from the diet and supplements is examined within quartiles of serum AA. The

....... iili:: usual dietary intake of vitamin C is not predictive of the serum AA. The usual supplement

10000 iiiiii: intake information even by itself is much more predictive of the serum level than the usual
ilili! dietary vitamin C intake alone. With the total measure of dietary and supplemental vitamin
::_:::!iiil C, there is a good dose-response curve for the quartiles of serum AA.

and unadjusted predicted _iii_: There is a dose-response relationship between serum AA and recent dietary vitamin C
::iiii:: estimate from foods consumed in the 24 hours before blood was drawn. This is not surprising,
!_:: inasmuch as vitamin C is a water-soluble vitamin and recent intake is likely to be reflected

; serum AA in white _."_

ras only 0.18 mg/dl, iiiilil in the blood taken close in time. Moreover, when total vitamin C from recent diet and_,,_:::'..... supplements is examined, the dose response is striking. There is little difference in absorption
:li:i?:

but added <0.02 to _:i!:: or biologic activity of vitamin C, whether it is from diet or supplements (22). Therefore, to
ment users appeared _:ii obtain a true estimate of vitamin C intake of individuals, an integrated approach is warranted

_cludedsupplements. _i!: in epidemiological studies. Rather than separate analyses of dietary and supplemental sources,
vitamin C amounts _li_!: total vitamin C intake should be used to rank subjects. In support of this view, Mares-Perlman
lpplemental vitamin ::.ii:::: and associates (23) state that "the high prevalence of supplement use emphasizes the
ith supplement use. _:__":_:_:: importance of considering this source of nutrients in future investigations in which dietary
.ted with serum AA. i i intake is measured."
in older and highly :!_:'_ There are, however, potential problems with integration of dietary and supplemental sources

f blood draw, hours 11 of vitamins in epidemiologieal studies (9). Supplement users tend to have healthier dietary
:ant determinants of iii: and life-style habits than non-supplement users. Another difficulty is that supplement use can

i:::_i easily change, and many people start taking these when they begin to feel ill. A further problem
........ is that formulations of supplements change over time; thus, studies need to update data bases,

l!!i:: such that recent and usual, as well as past, consumption of supplements can be analyzed in
was similar to that l:!il case-control and cohort studies.

.":< In this investigation, nevertheless, the major determinant of serum AA and the variable
dence that the serum l_:!i:: that explains most of the variance in this population was found to be total recent vitamin)le and suggests very ii::!
used in this study. :!ilil C intake. As total vitamin C intake increased, serum levels rose. However, race appeared

:i_i::_i to play a role in the amount of increase in serum AA per gram of vitamin C consumed.in supplement users, _l:_::i_
pplements that were _iii! Black women exhibit a lower level of serum AA for the same quantity of vitamin C intake

_,of women reported iiiiii!ili than white women. This may be due to overestimation of vitamin C intake from the dietin the month before and supplements for black women. One explanation for inaccurate estimates of dietary
te time in the last 20 tiiiiil vitamin C in the black population may be large discrepancies in vitamin C values in nutrient

on and Cancer 1994 iiiiiiii::: Vol. 22, No. 3 215
: _i:i:_:i:i

:::::-,..:::::_ii ::



_:iiI _i!l data bases of food items such as cooked greens (24). With use of newer analytic methods,

1:i! such as high-performanee liquid chromatography (25), the vitamin C values obtained for
, :_: cooked greens is about one-fifth the amount published by the US Department of Agriculture
I (26). Cooked greens contribute >10% of dietary vitamin C for blacks (27), and if the
, discrepancy in the actual value is true, then the impact is likely to be much higher for the

black than for the white population. There may be other such foods that are consumed
more often in racial or cultural lines. Such racial difference in dietary assessment needs to

: _ be investigated further.
Other variables, such as the indicator variable for supplement use, smoking intensity, BMI,

' age, and education, explain only small amounts of variance (I-2%) in the regression analysis.
Even though the total intake included supplements, there appears to be an additional

:_ significant variable that identifies supplement users and nonusers. This term may be'i

_: encompassing some of the unmeasured healthy life-style factors associated with supplement
: ?
_::i use (28,29).

:i:_ii The decrease in blood AA with smoking is well documented (30-33) and may be a reflection
i i of defense mechanisms against free radicals derived from cigarette smoke. High BMI is
_:_ negatively associated with serum AA, which suggests that women with greater body mass
:_ may need more vitamin C to attain the same serum level as those with lower body mass. This
:i finding has been reported previously for vitamins C and E (18,34--37).
i In conclusion, the correlation between serum AA and recent vitamin C intake at the time

blood was drawn is higher than for usual dietary intake estimated from the FFQ. A total
::: index of vitamin C intake substantially improves the correlation with serum AA. The main

predictors of serum AA in this population were total recent vitamin C intake and race, and

!_. minor predictors were indicator of supplement use, smoking intensity, BMI, age, and
: education. Total vitamin C intake from supplements and foods may help in ranking individuals

,!: for serum AA and can be useful in epidemiological studies.
i
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